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[57] ABSTRACT

An optically-triggered converter directly changes the
frequency of an incoming voltage waveform to half
frequency thereby causing an induction motor, driving
a ventilation fan or the like, to operate at half speed. At

-this lower speed, the induction motor consumes signifi-

cantly less power. A center-tapped power transformer
1s used to lower the magnitude of the incoming voltage
waveform and a number of optically-triggered thyristor
switches are connected between the transformer sec-
ondary and the induction motor. The novel trigger
circuit includes a synchronous motor connected to re-
ceive the mput voltage waveforms so that a cylinder
attached thereto is rotated in synchronism with the
input voltage waveforms. The optically-triggered thy-
ristors are circumferentially positioned about the rotat-
ing cylinder and are triggered by a light pulse emerging
through an aperture in the cylinder sidewall. The ar-
rangement of the thyristors around the cylinder is se-
lected so that the thyristors are enabled in a predeter-
mined sequence forming fundamental three-phase half-

frequency waveforms which are then presented to the
induction motor.

S Claims, 4 Drawing Figures
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OPTICALLY-TRIGGERED HALF-FREQUENCY AC
CONVERTER

DESCRIPTION

This application contains subject matter related to
noncopending U.S. patent application Ser. No. 095,768,
filed Nov. 19, 1979, now abandoned, and U.S. patent
application Ser. No. 308,634 filed Oct. 5, 1981, both
assigned to the same assignee as the present patent appli-
cation.

Technical Field

This invention relates to a power saving circuit for
use with an AC induction motor and, more specifically
to an optically-triggered circuit which converts 60
Hertz line power to 30 Hertz line power for operating
‘an AC induction motor at half its rated speed thereby
significantly reducing the consumed power.

Background Art

Induction motors are known generally and have been
used for many years in numerous devices, one such use
being in ventilating and air-conditioning systems to
drive fans or the like. Most often the size of a fan motor
in such a system 1s selected so that it is matched to the
maximum amount of air which must be moved through

a given size of duct work to achieve the necessary cool-
ing in a building. This approach is particularly wasteful
of electrical energy in that the maximum airflow to cool
a building 1s only required for a small percentage of the
time, e.g., on the hottest days of the year. However,
most of the period the system could provide a much
lower flow of air to maintain a comfortable temperature
level within the various areas of the building. A consid-
erable savings 1n electrical power would result where
the ventilation system could be quickly and conve-
niently switched between a higher and lower airflow
when minimum cooling is required.

Probably the best known way to reduce the amount

of electrical energy consumed by any motor is to turn

that motor off, at least for part of the time. Where the
motor drives the fans of a ventilating system, a modifi-
cation of this off/on technique would be to employ duty
cycle modulation so that the ventilation system in. a
given period of time 1s operated at full capacity during
a first portion of the given time period and then turned
off during the remaining portion of the given period.
This approach has proven unsatisfactory in many situa-
tions for a number of reasons. First, in a given area of a

building, or the like, duty cycle variation of the ventilat-

ing system often causes unacceptably wide temperature
variations. Secondly, the on/off cycling of ventilation
fans tends to create uncomfortable drafts. Another rea-
son 1s that there is often a certain noise level associated
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with a ventilation system because of the movement of 55

the air through the duct work, motor and fan noise, etc.,
thus the off/on cycling of the ventilation system causes
a variation in this noise level which can be disconcert-
ing to the building occupants. Finally, and most impor-
tant from an energy conservation viewpoint, is that the
system losses in a ventilating system, this being the loss
related to such things as airflow through each duct,
motor and associated drive components, etc., are great-
est when the system is operating at its maximum rated
‘capacity, i.e., during maximum airflow. Thus, a signifi-
cant reduction in system losses occurs 1f the volume of
air moved through the ventilation system at any one

time 1s reduced.
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Numerous attempts have been made to create an
economically feasible method to operate an AC induc-
tion motor at both a high speed and a low speed. One
method has been to purchase a factory manufactured,
two-speed motor for driving a ventilation fan which
includes dual windings on the stator portion of the mo-
tor. One set of windings is electrically energized for
operating at the higher speed while electrical power is
switched to the second set of windings for operation at
a lower speed. Although this system has a two-speed
capability, the cost of a dual winding induction motor
and a special magnetic starter can be considerable, par-
ticularly in the situation where the ventilating system
includes a large number of induction motors and the

individual induction motors are the large expensive
three-phase type.

In other situations where it is desirable to have a
two-speed operating capability for the fans of a ventila-
tion system, another approach has been to use two sepa-
rate motors—a high-speed motor and a low-speed mo-
tor. During the time when the higher flow through the
ventilation system is desirable, the high-speed motor
would be coupled to each fan through a mechanical belt
drive system, or the like. When the airflow require-
ments can be lowered, the lower speed motor is then
coupled to the fan through the belt drive system. As is
apparent, this technique requires the expense of two
separate motors for each fan in addition to a belt drive
system, or other switchable power coupler, which must
be capable of allowing the two motors to be alternately
coupled to the loads.

Yet another approach for reducing the speed of an
AC induction motor coupled to a ventilating fan is to
use a rectifier-inverter circuit. The rectifier circuit con-
verts the incoming AC electrical energy to DC electri-
cal energy. The inverter, which includes a suitable con-
trol circuit, then transforms the DC electrical energy
back into AC electrical energy of a desired frequency
for operating the induction motor at the desired speed.
This approach also tends to be expensive due to the
expense associated with the rectifier and the inverter

-and many of these systems reflect radio frequency inter-

face back into the power lines or radiate radio fre-
quency energy directly.

Yet another approach to changing the speed of an AC
induction motor is to directly change the frequency of
the incoming AC electrical power to a lower frequency

so that the motor will operate at a lower speed. U.S.
Pat. No. 3,710,218 issued July 9, 1973, to C. Roundy et
al for “Induction Motor Speed Control” describes a
circuit used with an AC induction motor which con-
trols the frequency of the voltage waveform applied to
the stator. In one embodiment for a single-phase motor,
illustrated in FIG. 3 of that patent, there is disclosed a
circuit which utilizes a standard 60 Hertz input power
waveform to drive an induction motor at half speed.
The control circuitry causes the circuit to skip the sec-
ond, fourth, eighth, etc., pulse, pass the first, fifth, ninth,
etc., pulse and invert the third, seventh, and eleventh
pulse to create a resemblance of a 30 Hertz waveform.
In addition to the complexity of this circuit which
makes 1t particularly expensive, this circuit can cause
considerable radio interference to be induced mto the
AC power lines. This results from transitioning the
thyristors to their conductive state when there 1s suffi-
cient cathode-to-anode voltage to cause a current surge
through the thyristor.
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DISCLOSURE OF INVENTION

The present invention relates to an improved circuit
configuration for reducing the power consumed by an
"AC induction motor by directly converting the fre-
quency of the input power to a lower frequency thereby
lowering power consumption.

- Inaccordance with a particular feature of the present

invention, an AC induction motor operating the fans in
a ventilation system can be switched from one speed to
a lower speed to save energy when less airflow is
needed from the ventilation system.

According to another feature of the present invention
a two-speed circuit for an AC induction motor(s) in a
ventilation system, or the like, significantly reduces the
amount of power consumed by the ventilation system.
This power saving occurs because under most condi-
tions the ventilation system can be operated at the lower
speed where duct losses, motor, and fan, etc., are pro-
portionately much less, thereby increasing the' overall
system efficiency. |

According to still another feature of the present in-
vention a speed reduction circuit for an AC induction
motor utilizes a center-tapped transformer in conjunc-
tion with a simple optically-triggered circuit to change
the frequency of electrical power to the motor. The
center-tapped transformer provides a voltage wave-
form which has both a lower amplitude and an out-of-
phase signal to form the half frequency basic signal
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waveform. The optical trigger circuit is driven by a 30

synchronous motor connected to the input terminals to

actuate the thyristors. The distinctive sequence of

pulses presented to the thyristors forms a half-frequency

voltage waveform allowing the three-phase AC 1nduc- |

tion motor to operate at the lower speed.

The foregoing and other objects, features and advan-
tages of the present invention will become more appar-
ent from the following description of preferred embod:-
ments and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a diagram in a schematic form illustrating the
optically-triggered half-frequency converter according
to the present invention for operating a three-phase AC
induction motor at one-half of its speed;

FIG. 2 is a view depicting one embodiment of an
optical trigger circuit used in the present invention to
enable the thyrlstors

FIG. 3 is an end view of the optical tngger circuit of

Fig. 2 and specifically depicts the firing order of the
thyristors; and
FI1G. 4 is a graph illustrating the waveforms at vari-

ous points in the schematic embodiment shown in FIG.
1.

BEST MODE FOR CARRYING OUT THE
- INVENTION

35
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ventional transformer with a center-tapped secondary
and the power rating of the transformer should be
matched to that of the AC induction motor or motors at
the reduced speed. The transformer 16 includes primary
windings 18, 20, and 22 which are connected in a delta
configuration across the leads 18, 20, and 22. Also in-
cluded in the transformer 16 are secondary windings 24,
26 and 28, each being magnetically coupled to primary
winding 18, primary winding 20, and primary winding
22, respectively. As mentioned, each of the secondary
windings of the transformer 16 is center-tapped to pro-
vide a voltage waveform whose magnitude and phase
are suitable to drive the induction motor, the reasons for
which will be more apparent hereinafter. It should be
noted that the transformer 16 could be either a single
three-phase transformer or three single-phase trans-
formers so long as the secondary windings include a
center-tap.

The secondary windings of the transformer 16 in this
embodiment are not connected to each other. However,
the voltage waveforms from the secondary winding 24
appears at the transformer output on leads 30, 32, and
34, the voltage waveforms from the secondary winding
28 appear at the transformer output on the lines 36, 38,
and 40, and the voltage waveforms from the secondary
winding 26 appear at the transformer output on the lines
41, 42, and 43. One three-phase induction motor 80, or
as many as are desired to be operated at a lower speed,
are then connected to the output of the transformer 16
as follows. First, the center-tap terminal of each second-
ary winding is directly connected by the leads 32, 38,
and 42. Then a plurality of optically-triggered solid
state switches, such as thyristors 82, 84, 86, 88, 90, and
92, are provided and since each optically-triggered
thynstor is unidirectional, the switches are connected in
pairs across each of the secondary windings. Optically-
triggered thyristors, developed by the General Electric
Company have been used in inverters, particularly 1n
conjunction with high voltage inverters used together
with DC power transmission lines. The three-phase

" induction motor 80 includes input terminals 81, 83, and
~ 85, and the input terminal 85 is directly connected to the
. center-tap of the secondary winding 24 and is also con-
. nected to one end of the secondary winding 28 through

45

the thyrlstor 88. The other end of the secondary wind-

~ ing 28 is also counected to the terminal 85 but through

the thyristor 86. Similarly, the mput terminal 83 of the

- three-phase induction motor 80 is directly connected to

50

the center-tap of the secondary winding 28, and, at the

same time, is connected to one end of the secondary
winding 26 through the thynstor 90. The other end of

~ the secondary winding 26 is also connected to the input

terminal 83 but through the thyristor 92. In a similar

fashion, the 1nput terminal 81 of the three-phase induc-
-3

Referring 1n1tially to FIG. 1, there 1s seen ehe em-

bodiment according to the present invention for operat-
ing an AC induction motor at half its rated speed
thereby s:gmﬁcantly reducing the consumed power.
The circuit is provided with an input terminal 10, an
input terminal 12, and an input terminal 14, to ‘which
may be connected a suitable AC electric power source
(not shown), one such source providing a 440 volt
three-phase waveform at a frequency of 60 Hertz.. A
power transformer 16 is connected to the AC source via
leads 18, 20, and 22. The transformer 16 can be a con-

60
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tion motor 80 is connected directly to the center-tap of
the. secondary winding 26, and it is also connected
through the thyristor 82 to one end of the secondary

_wmdmg 24 and to the other end of the secondary wind-

ing 24 through the thyristor 84.

‘The present invention further includes a simple 0pt1—
cal trigger circuit for actuating the thyristor switches in
a particular sequence. The trigger circuit includes a
motor 50, such as a four-pole synchronous motor often
used in clocks or the llke, connected to the input lines
18, 20, and 22 to receive the incoming AC voltage
waveforms. forms. A shaft 52 has a cylinder 54 mounted
thereon so that it rotates at a predetermined RPM under
precise phase control of the incoming voltage wave-
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forms. The sidewall 56 of the cylinder has one axially
extending slit 538 therethrough which is of a predeter-
mined width. A light source 60 is located inside of the
cylinder 54. The optically-gated thyristors are posi-
tioned circumferentiaily adjacent the outside of the
cylinder 54 so that each time the slit 58 is aligned be-
tween the light source and the location of one of the
thyristors, the light energy passes therethrough to en-
able that particular thyristor.

As mentioned briefly herebefore, a particular feature
of the present invention is one or more conventlonal

single speed AC induction motors driving a load, such

as the ventilation fans of an air-conditioning and/or
heating system or the like, can be operated at rated load
- capacity when maximum airflow 1s required but
-switched to half speed when half of the amount of air is
acceptable. At the lower speed the ventilating fans
would consume conmderably less AC electrical energy
in theory, if the Speed 1s reduced by one-half, then the
power consumption is reduced to one-eighth. Thus, the
present invention acts both as an energy conservation
measure and also as a cost reduction measure. The cir-
cuit configuration of the present invention achieves this
result through the use of a conventional center-tapped
transformer in conjunction with a plurality of optically-
triggered solid state switches, and a novel optical trig-
gering circuit. This technique directly converts the
frequency of the incoming voltage waveform directly
to a half-frequency waveform and also reduces the
magnitude of the voltage waveform by approximately
one-half. Accordingly, the lower frequency causes the
~motor to operate at a lower RPM while the lower volt-
age prevents the motor from drawing excessive current
as a result of the lower motor impedance during the low
frequency operation. The operation of the circuit em-
bodiment illustrated in FIG. 1 can best be understood
with reference to the waveforms shown in FIG. 4. As1s
seen in illustration (a) of FI1G. 4, the voltage waveforms
on the lines 10, 12, and 14 are typical for three-phase 60
Hertz AC electrical power. The waveform on each line
is displaced from the voltage waveforms on adjacent
input lines by 120 electrical degrees. For example, in
illustration (a), voltage waveform 100 could be the
voltage waveform on the line 18, the waveform 102 is
the voltage waveform on the line 20 and the waveform
104 the waveform on the line 22.

Another novel aspect of the present invention relates
to the firing order of the optically-triggered thyristors.
The firing order is related to the sequence or order of
the thyristors around the circumference of the cylinder
S54. As is best seen in FIG. 3, the optically-triggered
thyristors are positioned so that the firing order 1s, in
sequence, thyristor 82, thyristor 92, thyristor 86, thy-
ristor 84, thyristor 90, and thyristor 88. This enables the
thyristors in the sequence as shown in FIG. 4 (b)
through (g). With a light pulse striking a thyristor as a
cathode-to-anode voltage across each thyristor goes
positive, the thyristor immediately transitions to the
conducting state. For example, the thyristor is pres-
ented with a light pulse at time tpso that by time t; when
the cathode-to-anode voltage across it goes positive, the
thyristor 82 immediately transitions to the conducting
state. A one-half cycle of the 60 Hertz input voltage
waveform on the line 10 (waveform 112 in illustration
(h) of FIG. 4)) is presented to the terminal 81 of the
induction motor 80. By time t; the slit 58 is no longer
aligned between the light source 60 and the thyristor 82;
however, since the thyristor 82 already has a current
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6

therethrough it does not change to its nonconducting
state until the current (pulse 130 in illustration (k) of
F1G. 4)) has been reduced to zero, i.e., at time t7.

In a similar fashion, at time t4, the optical thyristor 92
1s presented with a pulse of light from the light source
60. This allows the thyristor 92 to transition to its con-
ducting state at time t¢ when the cathode-to-anode volt-
age goes positive and waveform 116 is presented to the
induction motor 80. In turn, a current pulse 132 (FIG. 4
(m)) 1s presented to the motor terminal 83. As will be
appreciated by one of ordinary skill, as each thyristor in

- the firing order is sequentially triggered into conduc-

tion, a corresponding current pulse will pass through
the windings of the motor 80 as shown in illustrations
(k) through (m).

A particular feature of the speed reduction circuit
according to the present invention is that an induction
motor can be operated at half speed without reflecting
a significant radio interference back into the power
lines. Radio frequency interference can occur if a solid
state switch 1s transitioned to its conducting state with a
forward voltage thereacross allowing a high instanta-
neous current surge. The circuit configuration of the
present Invention prevents this occurrence by enabling
each thyristor approximately 30 electrical degrees be-
fore the cathode-to-anode voltage goes positive.

Although this invention has been shown and de-
scribed with respect to a preferred embodiment, it will
be understood by those skilled in this art that various
changes in form and detail thereof may be made without
departing from the spirit and scope of the claimed in-
vention.

We claim:

1. A half-frequency AC converter positionable be-
tween a three-phase source of electrical energy and a
three-phase motor comprising:

a three-phase transformer means connected to said
source of electrical energy for reducing the magni-
tude of an incoming voltage waveform, and for
providing a secondary voltage waveform having
an in-phase component and out-of-phase compo-
nent;
plurality of optically-triggered switch elements
connected between the output of said three-phase
transformer and said three-phase motor, each of
said switch elements being transitionable between a
nonconducting state and a conducting state by the
presentation thereto of a suitable pulse of light
energy together with a properly polanzed voltage
waveform; and

optical trigger means synchronously coupled to the

incoming voltage waveform for providing a se-
quence of spaced light pulses for enabling said
switch elements in a predetermined sequence, al-
lowing selected ones of said in-phase components
and out-of-phase components to produce a half-fre-
quency voltage waveform to be presented to said
three-phase motor, causing it to operate at half
speed.

2. A half-frequency AC converter according to claim
1, wherein said optical trigger means includes a syn-
chronous motor coupled to said three-phase energy
source, and further including a cylindrical means hav-
ing a sidewall with an axially extending slit there-
through forming an aperture.

3. A half-frequency AC converter according to claim
2, wherein said optically-triggered switch means are
circumferentially positioned about said cylinder means



7

in a predetermined manner, and further including a
source of light energy located within said cylinder
means so that when said cylinder is rotated in synchro-
nism with said incoming voltage waveform said plural-
ity of optically-triggered switch elements are enabled in
a predetermined order.

4. A half-frequency AC converter according to claim
1, wherein said three-phase transformer includes sec-
ondary windings, and wherein said switch elements are

4,468,726
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connected in a anti-parallel configuration across each
secondary winding and one terminal of said three-phase
motor.

5. A half-frequency AC converter circuit according
to claim 4, wherein each secondary winding of said
three-phase transformer includes a center-tap, and
wherein each center-tap is connected directly to one

terminal of said motor.
X * 3 e 4
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